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1 
The invention relates te reversible driving 
mechanism ïor a machine element st!ch as a 
spindle, plunger, shaït or the like. While adapt- 
able toa variety of applications, if will be flhis- 
trated and described with-reïerence te a .tap- 
holding spindle in un autmatic tapping .machine. 
The Prescrit invention constitutes an imrove- 
ment on the mechanism, illustrated, described, 
and claimed in my copending application for 
1Vachine Structures, Serial No. 587,398, filed 
April 9, 1945, new Patent No. 2,501,738. 
The said copending application discloses a re- 
ciproca-ting, tool-holding spind:,e, means for con 
trolling the reciprocation of the spindle, means 
for rotating the spindle, and means for rev.ersing 
the direction of axial tïavel and peripheral .ro- 
tation of the spindle. Said copending application 
also discloses cushioning means for abso'bing 
sudden or unexpected resistance te tOOl travel, 
se as te prevent breakage or injury te the machine 
or the tool. 
An object of the invention is te provide novel 
and improved driving means for a reciprocable 
and reversible machine element. 
Another object of the invention  is te provide $S 
reciprocating and rota%ing tool holding mecha- 
-nism, the direction of axial travel and of rotation 
being reversible and automatically responsive te 
tool travel, the driving power being supplied by 
a continuously rotating, non-reversing .motor. 
A further object of the invention is -te provide 
a tool holding spindle, a ring gear on said spin- 
dle, a pair of spaced continuously rotatable driw 
Ing shafts each carrying a worm in engagement 
with diametrically opposed 'portions of saoEd gear, '.35 
clutch means for establishing or terminating 
driving engagement between each said shaft and 
its respective worm and for simultaneously caus- 
ing either shaft to rotate idty whfle the other is 
in driving engagement with ifs respective worm%0 
and consequently with the gear and spindie, 
means responsive to spindle position for produc- 
ing alternations in c!utch engagement, the rela- 
tive orientation in worm threads of the two worms 
being such that each alternation in clutch en-:.:.5 
gagement produces a reversal in direction of spin- 

.2 
ing spe_cfl2cation,.in aonjunction - with the C.cDm- 
panyiloEEg drawings/ln- which 
'Fig. 1-is a viev-:in side eleyation .of aitappi-ng 
machine incorporating my invention. 
-Fig: 2 is a  sectoEonat view taken on-the line  
.of Fig. 1. 
Fig.-3 is a. detail side elevational iew-taken 
app.roximately frein the position ofthe ine- $--$ 
of Fig.. 2. 
Fig. 4 is a plan view taken frein above Fig: 3. 
Fïgs. 5, ô and 7 are,sectional iews:taken.`orï.the 
lines ---, 8--, .and -: respectively of Fig,2. 
 Fig. 8 is a view showing, schematicàlly: anddia- 
gïammaticaily, a wiring diagram and a-ssociated 
controis for the.machine. 
Since it wfll-be immediately apparent-ha the 
invention is applicable te use i,n a, variet-y òf 
machining, -boring, moral cutting, :or. grinling 
operations, if need net be urther emphasized 
.that the present description, and aeeompanylng 
drawings are entirely by way of example, and 
represent only one application of:the invent2on. 
My invention will be .illustrated, and: described 
with reference te a machining operatión requir- 
ing axial reciprocation .of tOol carryingmëans, 
and Iceripheral rotation of the same"meaxs. A 
tapping operation as hereinafter described is weil 
illustrative of such combina.tion of movements, 
since the tool-carrying spindle is advanced and 
' withdrawn, while the te01 rotates and reverses in 
çynchronism with the axial travel. Ii]machines 
embodying adaptions of such reversible mechani- 
cal movements, and traveling at relati-ely-high 
speeds, a problem arises il-the eliminstion ofin- 
ertia shock te moving pçts, arisin$:-from- 
reversais. In the prescrit invention 'I have»pro. 
vided a driving, motive force in :the-form of a 
 motor which runs continuously in ne dir.e.ction, 
and-which drives a,pair of shafts, both shafts 
likewise rotating in the same.directión. The-tool 
.is carried on a spindle which bas a: ring gear 
associated therewith, t.ach of -the shafts-tïas a 
worm thereon operatively engaging the ring ge.af 
ai respectively oppesed positions. Driving.en- 
gagement between each worm and ifs haft :s 
effected by means of a clutch. Only one litch.is 

dle rotation although the driving shafts are run- 
ning in the same direction. 
A further object is te provide i.n a mechnism 
of the type defined in the tast preceding 
:graph, means for maintaining one or the other of 
the engaged, clutch members in tight working 
engagement. 
Further and more specific objects and advan- 
rages wfll be appareni frein a study of the follow- 

 engaged at any one-time, .se that the spindle 
responsive, at any instant .in a ork cycle, .nly:to 
one diving shaft. -Atthough b0h driving,:hats 
a:re: rtm_uing in .the-. sarne -d-irection, :the 'worrn 
"thread:orientation is such Vhat  when one .cluch 
is engaged the spindle-lotates in one :direction 
and when the other clutch is engaged.the.:spindle 
rotates in the other direction. 
tReferring new te the drawings, -there is shooen 



a frame ! which carries a rotatable spindle  hav- 
ir atone end çhereof a tap 8. A .nurnber of 
sçructtu'al features are similar to those shown 
in my copending application, SeriaI No. 58ï398, 
flled Aprfl 9, 1945. The spindle is maintained in 
axial aligmnent in bearings 4, and is axially slid- 
able in the central bore of a ring gear 5 which 
rotatable with the spindle, being keyed thereto 
by a key 6 (Fig. Z). A pair of driving shafts ï 
and 8 are disposed one on each side of spindle 
the shafts being rotatable frcm a motor 9 (Fg. l) 
by means of a V belt  0 which engages sheaves  ! 
fixed to the shaft ends. The operating linkages 
whereby driving force is applied to spindle  from 
both driving shafts are identical, and d.escription 
of one such linkage wilI suffice. 
A generally cylindrical sleeve !4 (Fig. 2) 
telescopingly receivable on shaft 8, there being 
suiïlcient annular clearance |5 thêrebetween fo 
permit relative rotation between sleeve and 
when said sleeve and shaft are not in operating 
engagement. Fîxed to sleeve 4 is a worm 
which turns with the sleeve and which engages 
the çeeth of gear F,. The pitch and lead of 
the teeth and thread of the gears and worrn are 
such that the arrangement is reversible, that 
to say the gear can drive the worms, and the 
worms can drive the gear, the terres "worm" and 
"gear" being here used for convenience. The 
sleeve is rotatable in bearings  in a housing !8 30 
which is flxed with respect to the frame. The 
sleeve is outwardly enlarged ai one end to .pro- 
vide a shoulder !9 against which the worrn | 6, a. 
pair of spacer rings , and the bearings | are 
all retained in proper relationship by a threaded 
retaining nut . The shaft 8 is independently 
rotatably supported af one end in a beariug 
within the enlarged sleeve part, and at the other 
end in a bearing 8 carried in housing !8 out- 
wardly beyond the sleeve end. Bearing $ is 
backed up against a flange  on shaft !, and 
the assembly composed of sleeve 4 and bearing 
8 Is retained by a threaded retaining nut 
on the shaft. 
Driving relationship between shaft $ and worm 
! through sleeve !4 is effected or interrupted by 
means of a disk clutch -8, having alternate disks 
 and  keyed respectively to sleeve 4 and 
shaft 8. It will be obvious that inward pressure 
on the disk assembly transmits driving torque 
from sleeve !4 fo shaft 8, and that release of 
such pressure permits the shaft and sleeve to 
be rotated independently of each other. A pres- 
sure sleeve  is slidable endwise on the shaft 
and is adapted to apply presstre to the outer 
clutch disk, or release such pressure, so as to 
engage or disengage the clutch. 
The clutches -0 and 0 are operated simul- 
taneously, but when one is engaged the other 
is disengaged. This is accomplished by means 
of a rocker arm $8 rnovable on a pivot 9 which 
is flxed on the housing between the ends of 
shafts  and 8. 
As previously indicated, pressure sleeve 
slldes on shaft 8 to engage the clutch disks when 
the sleeve is moved inwardly. Rocker arrn 8 is 
provided with ring portions $ concentric with 
shafts  and 8. Depending from rings 88 at 
diametrically opposed points are blocks  hav- 
ing inwardly extending pins 44. The pins are 
recelva.ble in a groove 4 in an operating co]lar 
4 slidable on pressure sleeve 5. If will be ap- 
parent that if the right end of arm 8 (Fig. 
is moved downwardly, pir 44 ,pulls collar 
against shoulder 4 on pressure sleeve S5 so 
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o bring pressure agaiït t/e cluch dlsks and 
d sleee 14. 
e desed, e çe o evesl oï e ocer 
 m c be coolled i e ollowg me. 
Near the ends of the arm 8 are a pair of dash 
pot cylinders 58 each han an ourlet vent 
the clear aperture of wch can be controlled by 
a needle vve 5. Pistons 3 within the dash 
10 po e connected fo a 38 by coecting rs 
55 ai pivot oin 5. The dash pots are piv- 
otaHy mounted ai S fo prevent ammin of the 
pisçons. 
Actual clutch reversaI is effected by means of 
15 an operating rod 60 pivotal coected at 61 
to the end of rocker arm 35. The rod 60 is oper= 
ated at siiflcant poin  the work cycle bF 
electcal mes hereinafter fo be described. 
Malntaing mea is provided for keeping one 
20 or other clutch in flrm engagement, and for 
avoidg a "neutraI" position such that neithr 
clutch is engaged. These purposes are effected 
by providing the over-center, spring bissed tog- 
gle arrangement carried by operating rod 6, and 
25 best shown in gs. 2, 3 and 4. The toggle 
6 and 6 extend away from rod  in opposed 
directions, being pivoted ai $3¢ and 6¢ to 
bracket 65 flxed to the rod. The outer ends of 
arms 68 and 64 car traverse end p 635 
and @4b which are tied by helical tension spris 
6. The pins 6b and 64b are slidable  grooves 
6] and 6b in a plate 6] attached fo the 
chine frame. It will be apparent that movement 
of rod 9, to carry the toggle arms 63 and 84 
past center, causes increased tension on spris 
66, the normal bias of the springs, exerted 
through the arms 6 and @4 havg the tendency 
to urge rod 8 away from center in one direction 
or çhe other. The arrangement is such that at 
dead center, both clutches are just sengaged, 
and when the rod is moved slightly past such dead 
cenr one clutch is tightly engaged. 
A simple electrical hookup can be devised t0 
effect alternate engagement of the clutches 
and 8. One such aangement is illustrated in 
schematic and diagrammatic form in g. 8. As 
there dicated, the operating rod 6 is provided 
with an aature portion  which is respon- 
sire  energization either of solenoid  or 
Alrnate energization of the solenoids is effected 
as follows. Spindle  bas axed thereto a disc 
]3 hang upper and lower fingers ]4 and ]. 
A reversing switch  flxed adjacent the spindle 
is provided with a pair of triggers ] and 
en spindle 2 and the rotating disk carried 
thereby reach the prearranged Iimit of endwise 
travel in one direction, ger 4 strikes t- 
ger ], so as to more switch 6  position "b". 
This enerzes, momentai, solenoid 2 from 
6 electric supply lines L[, L, and armature 
moves to the position indicated in Fig. 8, en- 
gaging clutch 8 through rod 8 and arm 38, 
and disengaging clutch 3. This causes reversal 
of the spindle as herein previously described. 
6 en spindle  thereafter reaches the limit of 
endwise travel in the reverse direction flnger 
strikes çgger 8, çhrowg switch 6 to the "" 
position, energlzing solenoid , so as fo move 
armature ]8 and rod 6 downwardly (Fig. 
 thereby disengaging cluh 8 and 
clutch 8. This completes one cycle of opera- 
tion. 
 will now be derstood, especially on con- 
sideration of the foregoing description in the last - 
 7 prece paragraph, reversal of rotation of the 
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spindle and reversal of endwise travel of the 
spindle are mutually dependent and interrelated, 
so that reversal of rotation produces a reversai 
of direction of endwise travel. Likewise, the rota- 
tion itself causes the endwise travel as will now 
be explained, referring particularly to Fig. 5. 
An internally threaded sleeve 8{} is telescoping 
slidable within a cylindricai portion 8! of the 
spindle housing. Rotation of sleeve 8} is pre- 
vented by a key 82 seated in mated grooves in 
the sleeve and the housing. A collar 83 fixed 
on the spindle is externally threaded to match 
the internal threads on sleeve 8}. It will be ap- 
parent that if sleeve 8} were held in fixed posi- 
tion with respect to the housing, and spindle 2 
were rotated, the spindle would more endwise in 
a direction determined by the direction of rota- 
tion and the orientation oî the engaging threads 
on the collar 83 and the sleeve 80. In normal 
operation sleeve 8} is held in place by an abutting 
helical compression spring 84 of considerable 
strength, which is backed up against a shoulder 
85 fixed with respect to the housing. In the posi- 
tion shown the sleeve 8} is virtually fixed by 
reason of the strength of spring 84 and endwise 
travel of the spindle is responsive to direction 
of spindle rotation. 
If an unexpected resistance is encountered by 
the tap, so that endwise motion of the spindle 
is prevented or slowed down while the spindle 
is rotating, sleeve 8} will begin to travel in the 
opposite direction, against the bias of spring 84. 
Under certain conditions, therefore, the collar 
83 and sleeve 8} constitute, respectively, a driv- 
ing member and a driven member. Normally, 
while the spindle is movable with relation to the 
fixed sleeve, the driving collar 83 expends its 
driving force in displacing itself endwise, but, as 
already indicated, when unexpected resistance 
is encountered, the driving member is blocked, 
and produces displacement of the driven member. 
When and if such condition is encountered the 
motor labors and slows down, and the situation 
becomes apparent to the operator who may cut 
the power off, reverse the tool travel, or other- 
wise initiate steps to remedy the trouble. 
What I claim is: 
1. Rotation reversing mechanism for a rotat- 
able spindle, said mechanism comprising a ring 
gear fixedly mounted on said spindle so as tobe 
rotatable therewith, a pair of generally cylindricai 
parallel sleeves disposed in spaced relationship, 
one on each side of and adjacent diametrically 
opposed sides of said gear, a worm fixed on each 
sleeve in operative engagement with an adjacent 
portion of said gear whereby rotation of either 
said worm produces endwise axial motion of said 

6 
spindle, a driving shaft freely rotatable with 
working clearance axially within each said sleeve, 
a pair of clutches, one clutch on each shaft, each 
clutch adapted to establish or terminate driving 
5 engagement between the shaft and its respective 
sleeve, driving means operatively engaging each 
said shaft for producing continuous rotation of 
both said shafts in the same direction, a rockable 
lever pivotable ata point between said clutches, 
l0 and operatively engageable with and effective 
upon each said clutch whereby rocking mÇvement 
of said lever to engage one said clutch disengages 
the other said clutch, the respective worm thread 
orientations being such that each alternation in 
15 clutch engagement produces a reversal of direc- 
tion of rotational movement of said gear, and 
consequently of axial movement of said spindle, 
a solenoid having an armature movable respon- 
sire to energization and de-energization of said 
20 solenoid, an operating rod linked atone end to 
said armature and at the other end to said rock- 
ing lever, and switch means responsive to contact 
with said spindle during axial movement of said 
spindle, and effective upon said solenoid to pro- 
25 duce such energization and de-energization. 
2. Mechanism as defined in claim 1 wherein 
the operating rod is pr0vided with snap-action, 
over-center toggle means, and with spring bias- 
ing means effective upon said toggle means to 
0 urge the toggle linkage away from center in either 
direction, whereby to positively maintain said 
rockable lever in one or other end position of 
rocking movement, so as to maintain one or other 
clutch in positive engagement. 
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